which life history strategy in a population confers maximum long-term fitness in a given periodic 1 0 5 regime, and then studying how optimal life history changes as periodicity changes. I explore how 1 0 6 various trade-off assumptions impact these optimality curves to understand how different species 1 0 7 in nature-whose life histories are in reality shaped by different sets of trade-offs-may be Next I test my theoretical predictions in the copepod Tigriopus californicus (Copepoda:
Harpacticoida), a crustacean found in rock pools in the supralittoral (upper tidal) zone along the 1 1 1 North American Pacific coast. Populations are disturbed periodically by wave-wash at high tide, 1 1 2 and experience population decline and heightened juvenile mortality periodically. Periodicity of 1 1 3 disturbance varies among populations depending on regional tidal patterns and pool height on the 1 1 4 shore. T. californicus provides an ideal system to study life history variation in cyclical systems 1 1 5 across populations due to its short generation time and short disturbance cycles, the rare To uncover general predictions of evolutionarily optimal life history traits in cyclical 1 2 5 environments, untied to species-specific idiosyncrasies such as plastic responses to 1 2 6 meteorological cues, I describe a hypothetical population in two linked stages of broad 1 2 7 applicability: juveniles and reproducing adults. I consider continuous-time demographic 1 2 8 dynamics of the stage-structured population and impose stage-specific mortalities at given First I express constant-environment dynamics as a system of ordinary differential which can be expressed as matrix M:
where J is juveniles, A is adults, µ is the rate at which juveniles mature into reproducing adults, d 1 3 4
is background mortality of juveniles, f is the reproductive rate of adults, and γ is background 1 3 5 mortality of adults. Then, via eigendecomposition of M, I express the solution at time t as:
is the j th element of the i th eigenvector corresponding to eigenvalue λ ୧ of M. This 1 3 7 solution describes simple structured population dynamics in an undisturbed environment, but by 1 3 8
eigendecomposing the system I isolate the time parameter t which will eventually allow me to 1 3 9 study demographic dynamics as a direct function of period length between disturbances. To 1 4 0 make the solutions explicit with respect to disturbance cycle period T, I let t = T, and at time T 1 4 1 multiply the structure by S J and S A to impose juvenile-and adult-specific mortality associated 1 4 2 with disturbance. The combined system can be expressed as the matrix P (S10):
Matrix-multiplying initial abundances by P would thus give stage structure after existing in a Fitness.
1 5 0
Given the general framework of cyclically perturbed stage-structured population dynamics, I ask . In stochastic environments fluctuations in instantaneous growth rates A long-accepted tenet in life history evolution theory is that the mean and variance of 3 0 0 population structure perturbations shape life history variation [24, 34, 35, 39] Temperature time series analyses confirmed that there is a broad range of disturbance cycle 3 1 7
periodicities across T. californicus pools across the two regions (electronic supplementary 3 1 8 material, section 2.1; Fig. S4A, B ; Table S1 ). These sampled pools provided a gradient of 3 1 9
periodic regimes against which I tested optimal life history predictions. Daily temperature
regimes, which may contribute to life history differences
, were not significantly different caused higher juvenile mortality than adult mortality in subsampled disturbance events, with 3 2 3 mean juvenile mortality of 41% and mean adult mortality of 6% ( Fig. S4C ). simultaneously to μ and f. Life history traits shift as disturbance period changes across T. californicus populations 3 3 2 ( Fig. 3 ), mirroring the shape predicted by the model (Fig. 2 ). The best model (likelihood supplementary material, Fig. S6 ). Finally, model variants with double or tertiary trade-off 3 3 9
assumptions generally fit better than ones with only single trade-offs (see electronic
supplementary material, Fig. S2 and Table S2 for the full list of models Ecologists have long assumed that environmental cycles are important for life cycle-related traits.
4 8
But growing knowledge of phenological shifts has generated confusion regarding how 3 4 9 environmental cycles shape life history strategies and thus transition rates of life cycle phases.
3 5 0
One unresolved paradox in phenology is that various species in the same community (e.g. those offs, a fundamental driver of life history strategy, is modified by environmental cycle periodicity, of life history evolution between two populations of a species that are in different cyclical and trade-offs can produce a wide array of predicted life history strategies. Testing this 3 7 5 mechanism in species that are controlled by different trade-offs, either across populations in for further exploring this perspective. to address a real aspect of nature that is difficult or impossible to address explicitly with 3 8 7 stochastic models: cyclicality. Here, I take advantage of the fact that periodic models allow the . Studying the relative influences 3 9 4 of periodicity and stochasticity on optimal strategy, and on how quickly a population evolves to 3 9 5 its predicted optimal strategy, are the obvious next steps that will add more richness to the 3 9 6 perspective offered here. Optimality curves in my model framework represent variations in evolutionary stable justification for optimization of a quantitative trait is given by the fact that a mutation can invade here assumes overlapping generations but many annual organisms have non-overlapping with a whole-life perspective in order to understand the evolution of cyclical phenological traits. Bowyer provided assistance in the field and with trait measurements. I am grateful to the Makah 
